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The Relative Responsibility of Physical Heat 
and Micro-organisms for the Hot Weather 
Rotting of Potatoes in Western India. 

(Rcft-irctl for p' Uicalioii nv Oil* Harth 1023.) 

The siornge iots of potatoes have heen understudy at Poona 
for wjvoi-nl vents pasf and the lestiUs of part of flie tvork done 
up to 1920 have Itecn published in “ Bulletin No. 102 of the Pom- 
hay Agricultural Jlepruhnont:*’ Among the conclusions reached 
by the aulhois (Miinit and Nagpuiknr and •Toshi , i 2 ) an* the 
following: — 

(1) A lorxn of lot rhniaetcrired hv o darkening of the tissue 1 -, 

softening of the fieri) to n pulp, exudation of syatery 
matter and fonl odour, is the most impoilnnt cause of 
In's? in storage in "Western India during the hot 
weather. v f 

(2) This rot which occurs suddenly and causes wholesale de- 

stitution of tubers in the hot wekthpi at temperatures 
at or above 100° P. is due to physical heat alone and 
not to any parasite. The name “ heat lot " was, there- 
fore, given to this ioun of rotting. 

(4) The symptoms of "heat rot ” are a variation, shown by 
the Italian white mind variety of potatoes, of the 
^symptom described a- ""black heait ” of potato tubers 
by American uorkeis. 

. (4) That "heat lot ” can he pi evented by reducing the tem- 
pciutuie of storage to 90° F. 

1 The type of rotting nllndpd to above ns heat rot” hud been 
previously fipokcil of by the workers at Poona as "block lot,”* a 

1 Mann, H. H., and Xagpnikor, S. H. The sicnofei.of'l'otiUocB. Bomb. Dept, of 
Aqri., Bull. Ko. IPS. (of 1030). Ch. IX. ™ J 

* Mflnn, II. TT., and .To«lii r lh M, A Chemical .Study of "Heat Rot " or " Bind. 
Heart" of Potato.” Appendix to Be )nb. Ttept. of Agri. Bull. Ho. 102 (of 1020) 

■* T1i 6 term "blech rot" u as subsequent 1> found used in Amorican literature to 
di'sonbfc vmious hinds of rulalilco "stem end rot" and field dry rotuhioli occurln flic 
field 'SndJiot in storage in uliieli the deenjed tissues me neaily black in colour ■uben the 
tubers nro tal.on from the field. This is, hours ei, compni nth oly n dry rot. See paper 
on “ A tV’tstofn field rot of tbo Irish Potato tnbei caused by Xusarhtm radicieoln ” hv 
O. A. Pratt, i U. & A. Jour, of Agri. Bex, Vol. VI, No. 0, 1010. 
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term which brought to mind the striking, blackish discoloration of 
the tubers above referred to. The almost constant association of 
a sclerotium-producing fungus with the “ black rot ” was referred 
to in Appendix J to the "Annual lleport of the Department of 
Agriculture, Bombay, for 1918-19,” where also allusion was made 
to the differences between " blnck rot ” and “ black heait ” of 
the American authors. Mann, Nagpurknr and Joshi were, how- 
ever, apparently very much impressed by the statement of 
Bartholomew that a blackish discoloration of the flesh of the 
potato tuber could result from exposure to temperature of 38° — 
45° C. (100'4° — 113° F.) for 14 — 48 hours without the intervention 
of micro-organisms, and, although in the experiments they made 
with the Italian white round variety of tubers, they did not gel 
the typical "black heart,” they seem to have persuaded them- 
selves that the different symptoms which were developed in their 
tubers were due to differences in susceptibility to typical " blade 
heart,” as previously suggested by the American authors regard- 
ing Ameiican varieties. Mann and .Tosbi 1 lay special stress on 
these differences in the following statement: — 

" The original description given by Bartholomew in 1913 is 
absolutely accurate so far as some of our potatoes are concerned, 
but we would specially draw attention to tire great differences that 
exist between reaction of different varieties to the temperature 
factor and hence to the production of heat rot.” 

Impressed, no douht, hv the wide departure from the charac- 
teristic symptoms of the American " black heart,” the authors 
have suggested the alternative term “ heat rot ” for what they 
believed were purely heat effects on the tubers they experimented 
with. 

The striking differences between American descriptions and 
figures of " black heart ” and those of “ bent rot the constant 
occurrence of bacteria and often also of fungi, particularly the 
frtngus Sclcrotivm sp. 2 (previously known as TUrizoctonia Solani in 
India), in potato tubers sent to ns as showing " boat rot ” ; and the 
occurrence, in our experience, of this type of rotting occasionally 
at temperatures lower than 90° F. (PI*. T; ,fig. 1) necessitated 
a closer enquiry into the nature of the yot. 

1 Manrt and Joshi 76 p 113. 

5 Wo nro indebted to Dr D. J. Butler, of the Imperial Bnrcnu of Mycology, London 
((Cow), for informing ua thnt T tlie fungus hitherto known in India as Tthizoclonin Solani 
is really an und^svibed fungus and that the one known ns lihisoctonia /IcHrutns in this , 
"oriqtry is identioil with Srlerolinm Rolftii. ’ 
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Tubers dhowing this type of rotting were submitted by one of 
us (S. L. A.) to the Imperial Agricultural Bacteriologist, Pusa, 
for examination in March 1918, and bis report staled that the rot 
was dearly due tb the same or very similar organisms to those 
already found by him in rotting tubers received from Poona in 
1913 and described by him in 1915 1 These are common soil 
organisms and probably always present on the surface of the 
potato tuber. In view of the statement, however, of Mann ant 1 
Nagpur kar and Joshr that they “ made experiments to see wlicthe* 
we had to deal with a parasite ” and their conclusion that “ we 
had to deal (in the case of “ heat lot ”) not with an ordinary 
parasitic attack, whether by fungi or . bacteria, but with some- 
thing which was intimately connected with the rise ol tempera- 
ture,” it was considered necessaiy to determine accurately the 
relative responsibility of physical heat and of tlie associated micro- 
organisms in the causation of the rot described as “heat rot.” 

The bacteria concerned having been previously studied by 
Hutchinson and Joslii, the work presented here was limited to 
testing the action of tliree of tire fungi found most commonly 
associated with potato rots in Western India and of hent alone on 
potato tubers. 

The general plan of the experiments carried out in this connec- 
tion was as follows: — Tubers of Italian , white, round, variety, 
looking perfectly healthy and uninsured to the naked eye, were 
selected, washed with tap water to remove all adherent soil parti- 
cles and were steeped in a fungicide (for 30 minutes in a 2 per 
cent, solution of copper sulphate or for 2 hours in a 0'1 per cent, 
of mercuric perchlorido) and dried. These were then divided into 
convenient lobs, each of which was snbniitled to definite conditions 
of temperature and infection by an organism. The usual pre- 
cautions were taken to ensure as far as possible freedom -from 
infection by organisms other than that intended in the experiment. 
All apparatus used, including the incubator, were sterilized or 
disinfected as often as was necessary. The inoculations were made 
(except where stated otherwise) by inserting a hit of a .pure culture 
of the organism pttneture rmjde on the hlher with sterile 

needle. * ** , 

_ ■ J- ► 4 f 

Experiments Fos. 1, 2, 3, 4 and 5 were intended to ascertain 
the effects of temperature from 05° F. to ri00'4° F. (35° C. to 

„ 1 HutohinBon, C. M., and Joslii, N. V. Mem. Dept, of Agrx. /«(?., Bad. Ser., Vol. I 
t .No. 5, 1015. 

- Mann and Nagpnrkar; Jlam'and Joslii. lb. 
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38° 0.) acting alone and in presence of tlie common potato lot 
fungi — Scicrotium sp., Sclerotinm liolfsti and Fusuuum sp. Thi*- 
paiticular temperature was chosen, as “ heat rot ” lias been stated 
by Mann and Nagpuvkur to occur nt tempeiatmes above 90° J?. 
and moie commonly at 300° P. oi aboi e 

The following tables gh e the results: — 


Exterimeni No. 1. 

19th May to Tlth June 192 J. 


Lot 

Xo. 

Disinfected 

with 

tTcmixrratiiro 

rungtH Inoculated 

No. 

of 

tubers 

No of 
sound 
tuber* 
nt end 
of ex- 
peri- 
ment 

No oi 
rotten 
tubers 

1 

Organisms found 
in rotten tubers 

I 



05° 30* C. and 
kept in moist 
clinmber. 

Scicrotium sp (In 
puncture ) 

0 

nil 

6 

Selerotnm sp ; boc 
tcrla 

n 



Do, 

Scltrolium sp, (on 
cyebud, u n » 
wounded ) 

0 

1 

b 

Sclrroiium sp ; lux«j 
tern (JFtuanum 
in one case) 

in 



DG"-30‘ O and 
kept in dry 

Chamber 

S&rotltwt sp (In 
puncture ) 

e 

0 

0 

Selrrotuim «p ; bac- 
teria 

IV 


-Iter curie 
pcrchlondi 

Do. 

Stf-roUt/m ,p. (on 
"0JO 

0 

3 

3 

Scicrotium sp 

I a 



Control to 1 . 


0 

2 

4 

SclenUim sp. and 
bacteria 

11a 



Control to II . 


0 

3 

3 

Scicrotium sp.; Tu- 
sanum in 1 case. 

IUo 



Control tom . 


ft 

1 

5 

Se&roUum sp. and 
bictcrh 

IX a 

d 


Control to IV . 


° 


4 

Scicrotium sp 


Remarks. 

“ Heat rot ’ occurred whenever ’Scicrotium sp. and bacteria 
wore picsent ; no rotting in the absouce of these oignnisms; luclrc 
tubers remained perfectly sound after exposure to 3-5° — 36° G. for 
23 days; Sclerotinm sp. unaccompanied by»bacteria caused dry rot 
only; apparently sound tubeis were found to 'harbour micro-or- 
ganisms which escaped surface sterilization. The difference in 
moisture made no diifcreucc in the amount of lotting in the 
different lots. Lot I« showed one case of true " black lioart.” 
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Exveriment No. 2. 


22ntl io 26th November 1921. 


lol 

So. 

Disinfected 

with 

’lempeiatim 

... 

t uuqiiH inoculated 

j NO. ot 
1 sound 
No. tubers 
of at end 
tubers of ov- 
1 pc«- 
j went 

r 

No. of 
rotten 
tubers 

Organisms found 

In rotten tubers 

I 


H| 

3S'’ C. constant 

SderoUitm aj). 

17 

0 

* '17 

'Silcrdium »p. nn 



■ 






bacteria. 

n 


1 

Do 

Sclcrolium Ralftu 

17 

17 

m 


m 



Do. 

rasanum*]? cans- 

17 

1G 

i 

Bn<.ti.rla only . 





Inf dry rot 





TV 



Do. 

ntl 

17 

17 





■ 


(tul>cw punctured i 






■ 


with a needle). 








no. 

nil 

17 

17 

0 

. a 





(tubiTn unpano- 





■ 

a 



tured). 






Remarks. 

Lol 1. Blackening oi lenticels; darkening and softening of 
flesh; oozing of biovrnisli liquid and foul smell (= symptoms of 
“ heat rot.") 

Lot 11. All tubers w ci e externally quite normal and hard; 
four tubers cut showed a slight enlargement" of the puncture, but 
the fungus had not grown appreciably. No change of colour in 
flesh. — 

Lot, III. No change of colour in flesh in three tubers cut. (PI. 1, 
fig. 3.) 


Experiment No. 3. 


30lh November io 10th December 19,11. 



• 




No oi 


( 

1 





» 

round 


1 

Jot 
* No. 

DiMnfuUd 
"U It Jl 

Tcmpuaturo 

runmis Inoculated 

No 

of 

tubers 

tube™ 
at end 
of ex- 

No o 
rottui 
tubers 

Organf-ms fonnil 
in rotten tubas 






prr|. 







went 



X 


o8~ C.eonstant. 

bclcro* uup Bp. , 

10 

m 

10 

Bnetcria only. 

11 

* 

Do.} 

ttolj ait 

. 10 

7 

0 

Sclerohum Col/tv 








and bA<*trrJi. 

111 

■Cop pi r sul- 
phite. 

•Dff. 

t ' 

bn rOt I'uianum 

10 

0 

10 

I Jftrtrtion bp ajid 
bacteria 

i TV 


Do. 

f 

Nil (tuliciVimuc- 
tured). 

10 

1 

15 

Butorin oni} . ■ 

V 


Do 

Nil (tubers tin- 
punctured). 

10 

1 

IB 

lloctcrin only 











0 


noi \\ j;ath}.u itojTjNG or rorATors 


Remarks , 

Lot 1. Tulii'i s blackened, pmtly or w holly aecoi ding to degree o„ 
lotting; flesh soft and pulp\ ; blown liquid oozing out; foul odoui ; 
fipsli pink, pale-yellow oi dark when freshly cut; on exposing the 
pale yellow turns pink and the pink becomes black. 

Lot IT. Symptoms of wot lot similar to those in liot I: no black- 
ening of Urn flesh and no wet lot in the fwp tubers with only 
Selcrotunn Rolfm in them. 

'Lot III. Wot rot similar to that in Lots I and II in tlios 
eases which had both bnetoiiu and Fvsartum ; no change in eoloui 
of the flesh in tubers showing Fuwnmn only in the pait free fiom 
infection. The fungus noting nlono causes only dry lot. 

Lots JV and V. Wet ml similar to that in T, IT, and III. Con- 
trols infected in spilo of all precautions. 

Exrr.nna.KT No. 4. 


1st to 10th December 1021. 







V r o of 

to rod 



>o 

J)i<|nfrrtc4 5 

V 1th * 

l.nip-stlim. 

Fiinsu^ Jnocul.ttotf 

So. 

of 

(abets 


Orensliim totnd 

It rotten tubm 





1 peri- 








meat 



1 

\ 1 Maximum 71* 

SJrrri.it n tp. . 

IB 

2 

is 

Sclrrc-lum up. and 


1\. minimum 




bactcrli. 


! 

i 

rosi. <io«- 
C2* C ) 



i 



11 


Do 

A «*/•<*•> /toJ/'ii 

10 

0 

10 

Sdrrc’ium J.cJJllt 

v' ni 





and hnctcrln. 

in 

Do. 

Dt> rut pfr ttlum 

IT 

0 1 IT 

luianum up. 

IV 


J>0. . 

Ml 0 1 ndurcdl 

16 

1 IS 

n 

Fxu'irium Bp 

V 


»n 

Kll (oat nunc- 

10 

I lf 

0 

,, 


HHR 

- 

tared). 


1 




' Remarks. • 

Lot I. Ono of the i otting tubers *khving both fungus and bacteria 
showed all the symptoms of "heat pink or black dis- 

coloration ana softening of flesh, lirown liquidtoozing ont and foul 
smell . Note the loic temperature at which, these symptoms 
occurred. The fungus unaccompanied by bacteria causes only a 
dry rot. 

Lot 11. The rot lind just begun to turn wet in the two tubeis; 
no blackening of tissues. 








nor wnvmut ito'iriMi or roi'ATocs 


i 


Lot 111. Ho blackening of theme*.. 

ljot IV. Infection with Fuumvm in control in -pin* of all 
precautions. 

X,IS. Xhe piinoturos in tin*, and fin f iHuwiuy ca.p rimonts w«uo ol <1 m ovuy 
imms with pirtflln 1 j prevent any fmlhor win id infection. 


ExrETmmNT No. 5. 

'13th to 22nd December 1921. 


Lol 

rroj 

DMiifutcd 

tvltlt 

ltmiiiTAlHro 

t 

I'mum Inoat Idled J 

i 

t 

l 

Xo. , 

in 

tulicni| 

So ot 1 

Mmnd 

tiller* No. of 
nt end rot im 
of ox- Lulera 
pori- 
mint 

1 

0 nanisms found 
lu rotten tubers 

t 


I I 

WO constant 

SchtoUum *»p . 

10 

•1 

10 

Sclerottiim sp, and 
baib-rla. 

ii 



Do. 

SclcfoUvut llolfsii 

10 

& 

5 

- 

Sclcrotium Jiolf nil 
bnctona undXfle- 
rotium sp. 

m 


■Copper snl- 
pwti, 

Do. • 

Drj r«t 1'iuarmm ’ 

10 

s 

5 

Vutarium sp.; baa- 
tcrla ai d Sde- 
rolium sp. 




Do. 

Mil (tuber* punc- 
tured) 

10 

01 

4 

Sclcrotium sp.; bac- 
teria. 

V 



S Do. 

1 

XII. tnot steep- 
etlln copper sul- 
pliato solution; 
punctured). 

10 

*2 

& 

Sclcrotium sp.; bac- 
teria. 


Remarks. 

Lot 1. Tlie rot was wet only in tho presence of bacteria and in 
advanced stages showed all Uio symptoms included in the toim 
“ heat lot.” 

Lot 11. Sclerotivm sp. was found in some of the infected tubers, 
although not oiiginally introduced. This fungus was found only 
in those tubers that showed external blackening. 

Lot 111. The inoculated fungus had not grown in the five 
tubers that remained sound. The other five showed blackening of 
tiro skin and flesh associated with SclerClitnn sp. and oozing of 
brown liquid with foul smell iri' some cases. 

Lot IV. Blackening of skin -and flesh associated with Sclcrotium 
in throe tubers-,,”', > - * ’ , " * 

Lot V. One of the tubers bliowiug Sclcrotium sp. and bacteria 
had soft flesh which was pink when freshly cut and became black- 
ened on exposure. 

. ^ r - Tlio appearance of Scltrativvi up. In Lota II, III, IV and V suggests that the 

tnbero in this experiment wore perhaps already infected, with this fungus though the 
fungus escaped notice ,w well us tlio smfitco sterilization. 
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It will bp seen from these results' tliut whenever temperature 
alone lias acted, there 1ms been no iot even though the tubeis had 
been exposed to 38° 0. ioi iiom four to ten days. Symptoms of 
" heat ml " ocemml only in tlie presence of mieio-organisms, and 
theii oecurience in Experiment No. <1 in Lot 1 at the low tempeia- 
turc (between 1G° ('. lin'd 22° C.=-GO° - 71° I*', roughly) shows 
that tompeintuio cannot he the priraarj cause of these symptoms. 

It will bo also seen how the above lesulte, particularly from 
those of Hxpei intent No. 5, tlwt theie is leason to suspect the 
existence of previous infection even in appniontly sound tubers, 
especially with the fungus Sclcralitim sp. In experiment aftei 
experiment in the eoui-e of our work on potato lots this fnngus 
appealed in tubeis selected ns appnientlv sound and tiealcd with 
loppei sulphate oi inercurie peiehloiidc to dcstioy any smfutc 
infection and thus confirmed the statement of Mann and .Toslii 1 
that “ it is often dilficult, if not impossible, to eliminate Rhizoc- 
Ionia fungus (If. Holani) which often glows, in spile of all surface 
steiiliration, just under the skin." The picsence of this fungus 
and of bacteria, which escape mu face sterilisation of potato tuhcis, 
seems to have laigclv vitiated the Jesuits of Maun and .Tfi4ii’s w oi ‘t 
on “heal rot" and makes it extiemclv difficult to study satis- 
factorily the puic lical olfeet. Hut the observation thnt all the 
fungi concerned, including frlemtunn sp M practically cease to grow 
at the temperature of 40° V. made it possible to exclude their 
action and also to a large extent of bacteria, the optimum tem- 
perature for giowih of the lot-cnusing ones being below' 40° C. as 
found by Hutchinson and Joshi.* To determine the effect of 
beat alone, therefore, Experiments Nos. 6 and 7 veie made, in 
which tubers weie subjected to tempeiatures ol 40° C. and 41° G. 
(=100-4 - 105'S° F.) with and without inoculation with Sclcrolium 
sp. which had been found to he the most commonly associated 
fungus, in addition to bacteria, in cases of “ heat lot/’ 

In Expei imcnl No. 7; a modification was made to determine the 
ofteet, if any, of subjecting tubeis to the high temperatuie of 
41° 0. (105'8° F.) for four days and then icmoving them to dry 
and moist conditions icspectivclv at the low lahoratoiy tompein- 
ttnes of 1G° O. to 22° C. ( ■= GO 0 - 71° F. loughly). The idea 
was to imitate the conditions supposed to he hi ought 'about by 
sudden rises of temperature in potato storage heaps due to high 


1 Mann and ,To3lii lb , p lit, 

* Hutchinson, C. M., and Jo*ln N. V. lb. 
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summer temperatures prevailing for only a feu* days and tlie sub- 
- sequent return io normal, comparatively low temperatures, and to 
determine if heat as such acting intensively for a short period 
could bring about any alteration of the tissues of the potato tuber 
which could he recognized as “heat rot,,'.’ Sonic lots were also 
dipped in paraffin. to combine exclusion of air with heat action, 
following Mauu and .7oshi who had treated some of then Ah he? s . 
in this manner in their study of "heat rot.” The results arc 
given in the following tables : — - , 

Experiment hTo. 6. 


21st January to 4ll\ February 1922. 


lot 

No. 


li 

in 


Disinfected 

Wltll 

Temperature 

1 ungus Inoculated 

No 

of 

t iibtra 

1 

-Mercuric 

pcrchlo- 

lldc. 

40° 0 pQiistnut 

Sclcrotium *p. • 

Id 



Do, . 

Nil (tubus punc- 
tured) 

14 



Do. 

Nil ( not punc- 
tured). 

10 


[of OX-1 
jicn- 
meut 


tnbersNo of 


1 rottrn 

jtube» 


11 
; rottcn 
[and 1 
elion - 
e<l trim 
“bind: 
bcart' r 
l( Plate 
ill, llg. 
, 0 ). 

10 
10 


OrgnnKins iiuiul 

in rotten Inborn 


Sclerchum tv- I bit 

tcrln 


Do. 

Do 


'Remark's. 


Lot 2. Dry lot only when Sola ot sum sp. was alone present. 
Plackening of lenticels oxtending gradually over the rest of the 
skin again ocouriod in association with Sclcrotium sp. ; symptoms 
of ‘‘heat rot” occurred whenever bacteria. were present in addition 
to the fungus. The four sound tubers wcre v j amoved from the 
incubator on 23rd, 27th and- 31st January and 2nd February 
respectively, the last one 'remaining normal after twelve days’ 
f. vposvrc to 40° G. • » - «■ , » <- • 

Lot II. Skin’ of tubers, blackened; tubers showing varying 
degrees of S 9 ftness only when hacteiia were present. Q'hc four sound 
tubers were removed from the incubator on 23rd, 25th and 27th 
, January and 2nd February respectively. The -last one thus re- 
mained normal even after twelve days * exposure to 40 0 C. 
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//Of 111. Blnekening of skin ami fiesb in all tubers ; softening of 
flesh occurred only v hen bacteria were present in addition to the 
fungus. Of the sound tubers two wore removed from incubator on 
23-1-22, two on 2S-1-22, one on 27-1-22 and one on 31-1-22. The 
Ini/ one, thnciorc, remained normal after nine days of exposure 
to 40<^C. (Plate II, fig. ft.) 

< ' * . 


ExPEHIJIENT No. 7. * 

23rd February to 16th March 3922. 


■ 





2To o 

KUttld 

\ 

1 


lot 
VO 1 


TimpfMWrc 

Kuiwh Inouihtfd 

>o .ttibon 1 * o. o 
of I at endlrot ten 
-tuber* i of ex- itnlwi 

Onruil/nw found 
, In tnbtn 

i 





perl- 



■■ 





in cut 



l 

1 

HH 

41*0 romtant 

Sclrrehum *p, , 

32 

12 

0 

•• 

In 


41* C. CODKlfint 

Do 

12 

I ° 

12 

Setero'ium up a d 

i 

t 

i 

! 


Irora 2lnl 
t/ifirthTebrn- 
ary 1022 and 
alter Hint ttoa 
room t«*m- 
TieratuTC (be- 
tween Ifl* to 
2V 0), and 
lept moU*. 





lnoterla. 

it 


41* 0 «uiHa*it 

Do . 

IS 

0 

12 

Do 



up to 27th 








Ti bYii»rj 
1022. Mitre* 
utter room 
tempera tore 
fl6*to2S*0), 








l>ept dm. 






n 


11 *C. comtant 

rwwtiircd lot nol 

12 i 12 

0 

» • 



Inoculated. 





1 

.Mercuric 







11 a 1 

priflJo* 

41*0 from 2 ltd 


12 

5 


^f/er«i«*n *p an 


ride 

to 27th ! 




barttrin 



r cbrtinrj 






' 


10i2 there- 1 





i 


niter Toom 
temperature 
rtC*-SS* C). 








Lcpt 



- 


* * \ 

ni 


Similar folia: 

.. 

, 

in 

*3 


Do. 



lept dry 






’ m 


41* C. constant 

Jiot Irn>rum«iiinil 

■ IS 

C 

10 

Bacteria 




not pnoitoted. 








Dipped In 
- Tunfllo 

* 



Do. 

Tv 


Do 

XJnlnocnlatfd and 

12 

11 

1 




unpunotured* 





\ * 



Sot paranntd. 


, i 


s 

ma 


Boom tempera- 

Snincntlll 

. 32 

8 

4 

tidnchum *p , 2 u- 



IUT0(lC"-23' 

» 




tantun and lac- 



C.) * 





terii 

TV a 


Do. , . 

bivme a» IV . 

■ 

12 


t> 

Sdcrcfiitm -«p. nnd 






bwtcrli 
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Remarks. 

Lot 1. Hound tubei s removed from incubatoi on 4-3-22, t.e., 
alter nine days* exposure to 41° 0. ; tlm inoculated fungus made no 
growth. 

Lot la. All ilie tubers lmd lemained perfectly hard and nor- 
mal in appearance till 27-2-22, i.c., after four days of exposure 
to 41° 0.; on 16-3-22 they all were rotten at low room tempera- 
ture, Ilie rot lie'ing a wet one and showing all the symptoms of 
“heat rot. M 

Lot lb. Same remark ns for Lot la : tubers were all sound 
up to 27-2-22 and all of them were fouud rotten on 13-3-22. 

Lot 11. 'Labors remained sound and normal till 4-3-22 when 
they were removed from incubator; exposure to 41° C. for nine 
days did bof cause any rotting or discoloration in the absence of 
micro-organisms. 

Lot 11a. No change in tubers as long as they weio at 4L° C. ; 
rotting similar to that in Lots la and lb. 

Lot Jlh. TSTo change in tubers until lemoved from incubator; 
rotting similar to that in Lots T and TJi. 

Lot 111, The two sound tubers were removed from the in- 
cubator on 24tb and 25tli February respectively and showed no 
abnormality; the others blackened from the fourth day and drops 
of brown liquid were exuded from lonticels; blackening of flesh 
occurred, hut the softening was not very pronounced on 4-3-22, the 
date of cutting. 

Lot TV. Eleven tubers remained normal till 4-3-22 when thev 
vero examined. 

Lot Ula. Tubers examined on 4-3-22 and 6-3-22; blackening 
of tubers exterurlly and internally; flesh softened. 

Lot IVa. Blackening of lonticels and Symptom m of “ heat rot ” 
in Forne tubers. Note the low, temperature at which these occur. 

It will he seen from the above that potato tubers may remain 
perfectly sound and normal oven after exposure to temperature of 
40° 0. for twelve days anil In 41° 0. for at least nine days if micro'- 
orponisnrs are .successfully , excluded and if tire tubers are 'originally 
free from infection (Pl. I, ‘fig. 2). Tire development of RoTerotium, 
sp. in tubers not deliberately infected with it again points to wide- 
spread infection with this fungus of apparently sound tubers and to ' 
the difficulty of excluding it by surface Sterilisation. Its action is 
seen to-be entirely inhibited, however, at 41° 0. as shown by tho 
'Tiybaviour ni Lois I, TI, TTT and TT’.in Experiment No. 7; any iqt- 
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ting taking place at 41° 0. appears to be due to bacteria alone 
The behaviour of Lots In, Tin, and 116 in Experiment 7 is pnrti- 
culnily inteiesting. Jn all of these thp tubeis kept perfectly veil 
fan foui days though exposed to 41° 0. But on removal to labora- 
ioi y temperature there was considciable lotting, but it is to be noted 
that this occurred only m association with micro-organisms. That 
this could not have been due to any purely heat effect apart from 
the. action of bacteiia is shown by the live sound tubeis in Ila and 
tlnee sound tubeis in III which had been subjected to similar heat 
notion lmt had temained fiee fioiu mievo-organisms. 

The moist or div conditions in which these lots weie placed after 
exposure to 41° 0. did not seem to mako any difference in the 
amount of rotting which seemed to bo related rather to the amount 
of pievions infection. 

In the case of Lots III and IV which had been dipped in 
paiaffin and exposed to 41° C. the symptoms described by Mann and 
•Toshi 1 in their similar experiments weie noticed in some cases but 
not in all. and in every case where softening and lotting of the 
tuber occurred bacteria were cleaily seen in the tissues (PL I, fig. 

4). 

In all the above experiments it was rather remarkable that the 
tiuo “ black heart ”, ns undeislood by Bartholomew and othei 
Ainei ican writeis 3 , Was not pi educed except in one or two tubers 
(PL II, fig. 6) in the variety ne worked with (Italian white 
lound, such as was available in tlie Poona market in tlie senson of 
1921-22 and wliich was described to us as tlie pioducc from tbe first 
lot of Italian seed tubeis imported into India after tbe war). In 
eider, therefore, to sec if the tine “black heart” is produced in 
any of the other varieties available by simple exposure to higb 
tempeiatures, eleven varieties were subjected to « temperature of 
42° C. foi from two to nine days, The typical ” black heart” w r ns 
developed in the tease of some of the varieties CPI. Ill, fig. 7) hut 
not in all. 4 In none of the eleven varieties, however; did any rot- 
ting occur even after exposure for, nine days at 42° C. and no 
organisms were^found and the tubers .remained normal externally 

V * - y 

' — - ITT 1 . •; p - * 

1 Mann nml Mi 76.. p, 132 

’ Bartholomew!! Phi/tapathoftxfy, Wol. TTT,'1>"1S0‘, ‘ltll;!: A pathological and 
phjsiolojrioal study ofitlic Black Hcmt of Pots t6 Tubers Ocvlrbl Fvr. Ball , 43 Btl , 
No. 10-24, 1916, pp. C00.630 * ' ' • 

* Stewart and JIiv. iV. T. Agri. Bxpt. Fla , Jh ill 4"(l, 1017. 

‘This o\]>erionco is not in agreement with that of Bartholomew who, eipcnmentinfj. 
with eKtetn vnriotics, concluded that all sarioties of the potato, s\ hen subjected to *1? 
temperature of 3S-48°C. for 16 to 20 hours, w wild develop “haltlc heart ” Bartholomew , 
Si T, Loc. tat. - 
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nnd internally (except, of course, in tho ease 1 ! of “ Work heart ’’), 
this mult again showing that micro-organifeins and not heat are 
tho primoiy cause of potato tots. 

In discussing the effects of simple heat unaccompanied by micro- 
oigani-'ins ii is iclevant to state that the experience of Mann and 
.Toshi, that “ at 3G° 0. changes oecuned in the tissues of the potato 
ttthex leguhnly. causing them to soften and blacken and rut in 
about 12 day*.” oct lined to us also when we were working at this 
somewhat low tempemlnre (Experiment No. 1) hut the jotting, 
ihotigh general, did not occur in the case of every tnher, and even 
Iktnn nnd Josiii' record the fact that “one or two in every set of 
twelve (labors exposed to 3l»° 0.) remained hard or rather increased 
in hardness.” The tuheis that remained sound in our experience 
although exposed In about 3G° 0. were found to he free from fungi 
and lmetei in,. w bile those that wen* jotten invariably showed hac- 
teiia and almost always the fungus Schvotium sp. also. Tt is 
< leasomthle to suppose that the one or two tubers which remained 
hard in every set of tuelve in Mann and .Toshi’s experiments did so 
because they wete itce from micro-organisms, while the others 
lotted because many of them had admittedly the fungus (7?. Solarii) 
nnd piosumably also bacteria, from the frequent allusions to bac- 
terial activity in the descriptions and interpretations of llieiv 
Jesuits. 2 The statement of Mann and .Toshi, on the other hand, 
that “o' 41° to -12° C. the degeneration (of potato tuboi-s) was very 
rapid and within two das s th« tissues were darkened and in G 
days the tuheis wore completely soft and iotten ” was not borne 
out tin our experiment'' when and ns long as hacterin were success- 
fully kept out. To other words, no rotting occurred in our experi- 
ence apnil T j oui miero-otganisjns, and whenevet those were excluded 
the tubers lontnined practically unaltered even by tho high tem- 
perature of *12° 0. The inference, therefoio, follows that heat by 
itself in the absence of m i rrb-o rgai (isms is not responsible for the 
symptoms described as “ heat lot.” As a motfoi'of fact, these symp- 
toms have* ttetuallv'been more easily produced in our experience at 
temppjrtlures at or about 30® C, Vrlticli is nearly , the optimum for 
the growth of the nssoeiatcd’inicjo-orgapisms than at 42° C. which 
is above that optimum. Pi. 1 shows the J$jnptoms~of “ heat-. 

1 Menn and .Toslit. II,, jt. U,t - ^ - , 

’ For owtinjile, the following fclntoiw nts hi Hull Xn, JOS t I’. 120, “ The '•widen rise 
(in Amount ot itolublo mattei) nf Ur 1 >1 rim « nl 1> obi lourU due to other oenscs nnd 

'.Probably to the presence of Imotrriat jot’s.” P. 127, “The 710(010 w.i« soft And oo/fnp 
, twforo tho 14th day nnd wo think (though wo lmve no pi not) that tho liter ri*e in n mount 
of catalase is duo to onlianco of (motet in," 
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lot " pioduccd in lutan. kept lit labntntoiy temperature not exceed- 
ing 81° F. in tho month of I'Vbinary 1020 in c onsequeuce of nttnek 
hi niioriMii guniscnc. Those lath r. tlieielote. and twt iic.it tmtsl lip 
lopnided .v the ti no I'liU’-c of tin* so-railed ‘‘bent iot." 

Tho omioftnoi*- of identifune: “ lio.it iot ” with “ iihiol; hcait " 
may imv ho brief!} eonsideiod, The oiipinnl descriptions of “heat 
rot ” and “ bind: ho.iit " ,m> quoted below : — 

* i » 

Unit lint.' 

"Tin flesh of tho potato, generally on one side. hut sometimes 
in iho eon he, tnf.o» in » pinko h fttig o. This * pi oath met liotuly all 
tho tubai lioforo nny farther nppciitanec t> noted. Than at any 
part of tin* lubor. but often near Hip mitro. n small patch of dull 
dull colony appears. ‘■oft to Ilia touch" anti in which, obviously, 
dcpmienition of tho content'- of tho coll* K f iking place. At a 
tomparntuTo of !’G° C. tlio changes to this part usually take about 
six drive. 'Mo-t of the pot aloes »t this stage bavo heroine soft, but 
ouo or f no in lively rat of twelve remained hard or rather increased 
in hardness. After this stage i* readied fiirfhor degeneration is 
l.ipid. nod liy the twelfth ilnv the whole potato i- groyvh black in 
colour, m ty reft and pulpy, often with watery matter norinp out, 
and it smells badly,’* 

Wad Henri? 

" Black heart is the name proposed bv Bartholomew fur an 
abnormal umditina of potato tubers in vht< h the eenfi.'l pm lion is 
darl: hr on n or black. Affected tubers may appear normal extern- 
ally, but when rut opm they slow an area of fiend black fisstie 
nrrupying u largo poitinn or the interim . “Frequently the tumble 
takes the form of a casitv lined with n thick lavei of tough, dead, 
black tissue," ' M . 

These descriptions base \wy little in common. The American „ 
autlinis do not allnile to nny rotting in emmertion with “ black 
heart." A cnmpnri c ort or the flgutr« of " bent rot" and "black 
heait " f Plate TIT, Ups, 8 and 01 dm^ not suppest any similarity 
between Pm two eithn. * 'Jlu- contention that “ heat "rot *' is a ^ 
jniio vaii'tion of Uuj .xroidnue. of ‘‘black heaif " exhibited by a 
partieulor variety seems liaidly^fcnalde inasmuch ns true "black 
heart" Iiu* been' noticed in _ the Italian v.irietv' in a few eases. 

" Bkiek 1 enit," moreover, ran be prorltieed in the absence of micio- 

* Mnnn nn«l .Toshi, Jb , 11 . 114. 

S .Y, 1’. .1 jo. KxpK St<i. JiiV.Sn. h r > 1017, e 121 
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organisms, while “ heat rat ” ]>n^ been shown to occur only in 
their presence. 

The evidonee and arguments ndrnncrd by Mann and Kagpurknr 
in support o£ their opinion that “ lieai M and not organisms is the 
main cause of the- rotting may he very briefly considered before con- 
cluding this paper. 

Mann and Nngpurkar state on p. 84 of their Bulletin,” The rot- 
ting often comes 611 so suddenly when tho temperature rises and 
involves so completely a bag or a consignment of potatoes, that it is 
difficult to bolieyo that any or oven all tbc above causes (fungi and 
bacteria) were the main Source of the rot which was liable to cause 
such tremendous destruction and loss.” The me,ro suddenness of 
the rotting should not ho ^matter of surpriso to any one acquainted 
with the rapidity of multiplication of bacteria, and it certainly 
cannot bo regarded ns sufficient reason to exclude fungi and bac- 
teria ns causes of tbc rot in tbc absence of detailed experimental 
evidence. Although the authors state that u they mode experi- 
ments to sec whether we had to deal with a parasite,” the very 
scanty details given do not show that bevond “burying sound 
tubers in soil with rotting ones.” or " cutting sound tubers with a 
knife fust used to eut a ratting tuber,” nr “ watering them with 
the waterv ooxin^s from an affeeted potnto ” nnv efforts were made 
to test the parasitism of the organisms concerned, nnd even of the 
experiments -just mentioned no details ns to the conditions of the 
experiments or the length of time thev lasted, have been given. Tf 
is, therefore, not nt all ensv to follow the authors to their con- 
phi-inr) the* “ nn othpr prumsifn ffl'nn "P dan A i* PsjwBv nvesnril 
nml the “ black heart ” or “ bent rot ” is ip no w>v infections ” 
Hutchinson and .Toshi’s work with bacteria and our own work with 
the fungi have .proved the 'parasitism of a number of tho organisms 
associated with potato rots, and further work, cspecioliv with line- 
, teria, may prove the parasitism of more. The possibility of the 
ordinarily saprophytic organisms 'l.eepmin**- pathogenic nt higher 
temperatures has also 1 tf ^ )3'ec*k/intol jrjl li ,'J Pot ton and Taylor 1 
state thnt the commoif.sa ! nrOjilVy'{irt v hneteria ftariUiix xvhfflh nnd 
Ti. 'rvTnntti* nte known 'to hecbfftA .pathogenic nt. n temperature of 
about 95° F. to various plants, amongst others the potnto. * 

Tn conclusion, tho prne.ticnl hearing of tho results Of this investi- 
gation on the prodd cm of potnto storage ift Western Tndia may he' 

i *, 

1 Cnl Ion, A. D., nnd Taylor, II. V. Supplement (No. IS) In tlio Jo fir. Hoard of Agtu 
London, starch 3010, p. fi’2. 
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very briefly indicated. It lias been shown that the production o£ 
“ lient rot ” is dependent on the presence of certain micro-organisms, 
particularly bacteria, and not on whether the tempeiature of storage 
is above 01 below 90° E. ns previously supposed. The unreliability 
of the common fungicides — copper sulphate and mercuric per- 
chloride — as means of disinfecting potato tubers lias also been de- 
monstrated. In view of the optimum limits of temperature for the 
growth of the bacteria and fungi associated with “ heat rot ” which 
are fiom 20° to 37° C. (68® io 100° E. roughly) as found by 
"Hutchinson and Joshi for the. bacteria and for the fungi by our- 
selves, it seems desirable to still fui ther reduce the temperature 
of storage (at least to 20° O =68® E.l to ensure freedom fiom 
potato rots. 


Summary or conclusions. 

(1) Physical heat up to 42® C (107‘6° E.) by itself acting on 
potato tubers continuously for a period of at least nine days causes 
no rotting in the absence of micro-organisms. 

(2) The symptoms described by Mann and Joshi and Eagpurkar 
os "heat rot” occur only in the presence of micro-organisms, 
‘especially bacteria, nnd may be produced at low temperatures 
(between 60® and 71® E.) if tbo appropriate micio-organisms aie 
present. (Temperature, therefore, cannot be the primary canso of 
the ao-calied . tf heat roh” 

• (3) The identification of the ** black heart ” of potatoes described 
by American '‘’authors with the “heat rot” is shown to he 
incorrect. • 

(4) Different varieties of potalohs''differ considerably in sus- . 
ceptibility to‘ “ black heart ” on exposure to lomperatures'hetween 
38® to 42° C. Some may remain, normal ’even after uino" dnvs\ 
-exposure to 42° C. continuously. ' “ * 

, (6) In view of micro-organisms being the primarily responsible 
factor in the causation of <t 'heat rot,?* reduction of the tomperature 
’of storage to 90° carriyit jtilone be-relied on to ensure freedom 
'from this form "j5f fitting^ a'^pitrfdpdxly'believed. ' -»a 

(6)- Apparently sound potato tubers may harbour flic organisms 
1 concerned, in tho production of "beat rot >v and these latter often 
.'escape surface-sterilization - of tubers with fungicides like copper 
' sulphate ;nnd mercuric. gerddoridc.' Th&p fungicides, therefore, 
cannot be entirely relied on *to prevent filing, ip storage. 



EXPLANATION OP PLATES. 


' Plato I. 

Pig. 1. Symptoms o£ “lioat rot,” softening and blackish dis- 
coloration of flesh and watery matter oozing out; produced at tem- 
perature not exceeding 81° F, 

Pig. 2. Tubers fiom experiment No. 7 of 23id Pebruary 1922, 
exposed to 41° C. for nine days. 

Pig. 3. Tubers from experiment No. 2 of 22nd November 1921, 
exposed to 38° 0. for four days. 

Lot I. Inoculated with Sclcralitim up. (Note symptoms of 
“ beat iot.”) 

Lot II. Inoculated with Sclrrolivm Rolfsii. 

Lot II). Inoculated with dry iot Fusarium sp. 

Lot TV. Not inoeulnted. (Control.) 

Pig. 4. Tubers from experiment No. 7, dipped in .paraffin and 
exposed to 4"’'* C. for nine days. 

Plato II. 

Pig. 5. Tubers' from experiment No, G of >21 si January 1922. 
exposed to 40° C. for six days. 

Lot I. Inoculated with Hclerolhim sp. . 

Lot IT. Punctured, bui not iiiobulnted. 

Lot Til .. Not punctured, not inoculated. 

Pig. G. " Black heart M 'in Italian while round potato. 

1. Picked from store. (This has Fusarium dry rot i 

addition.) 

2. From experiment No. G of 23sl January 3922. 


,■ --Plato, XU: 

' • * •• V • * 

Pig. 7. SuscoptibiHt 3 ''t<n ".littkO^noa.rt ” jn different ^varieties 
of potato, tubers exposed to 42° 0, for, niiici’ jlays. , 

90 „ T< >kit »r! 


rTioji T)uhi v mirth 


33= Queen Jfnry vnrioty. 
34= Up-lo-dalo variety 
30= Irish Queen variety. 

** Aw * 
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